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(54) GEAR EXCELLENT IN PITTING RESISTANCE AND ITS PRODUCTION 

(57)Abstract 

PROBLEM TO BE SOLVED: To produce a gear capable of producing at a low cost 
and excellent in pitting resistance and to provide a method for producing the same. 

SOLUTION: This gear is obtd. by forming a case hardened steel into a gear shape 
and thereafter executing carburizing treatment The case hardened steel has a 
compsn. contg., by weight, 0.10 to 0.30% C, 0.50 to 1.50% Si, 0.30 to 1.00% Mn, 0.50 
to 200% Cr and <0.50% Mo and satisfying 1.5<3 x Si(%)-Mn(%)+CK%)/4+Mo(«). The 
gear 1 after the carburizing treatment has a carburizing layer 1 2 in which the 
concn. of C is regulated to be >0.65%, and the amt of retained austenite is 
regulated to be <25%, and moreover a carburizing abnormal layer 1 1 as the external 
layer thereof. The maximum depth D of the carburizing abnormal layer 1 1 is 
regulated to be 5 to 40 firrx, arid the area occupied by the carburizing abnormal 
layer 11 in the cross-section from the position of the maximum depth to the 
surface 1 5 is regulated to be >70%. 
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(57) mm] 

mm] fe^zh-cmm-rzcttfi-cz, it- 
t. 

xnhtiz>m&, mm\t. c : o. io~o. 30 

%, Si : 0. 50-1. 5 0%, Mn : 0. 30~ 
1. 00%, Cr:0. 5 0~2. 00%, Mo:0. 
5 0%&TF%-gmi>. 1. 5^3xSi (K) -Mn 
(%) + C r (%) /4 + Mo (%) iMfifS. ttK 

*si«©**«. cmmto. 6$%&±, mm*-* 

ftJBl 1©&*&3D»5~4 0 /tzm-C*oT, ft*& 
3fig*>6^ffi$r©»rli(C*j^SS^^l lOdS 




• ' (2) 

1 

C:0. 10-0. 30%, Si :0. 5 0-1. 50 
%, Mn:0. 30-1. 00%, Cr:0. 5 0- 
2. 0 0%, Mo : 0. 5 0%fcTF£^WU fro, 
1. 5^3xSi (%) -Mn (%) +C r (%) /4 
+ Mo (%) 

liUOttO. fro, jgtfgfe&ft®ftj$tt, C«K#0. 10 
6 5%J^±-C, fro, JSStf-*?^ Ffifr2 5%« 

0, 88«ga*Ji©*A«S»5~4 0/im"C*- 3 r. 

fro. igfi^$&g^e.aast > ©»fS{c*jw^±ie 

8WSS*Ji©>6»Sii8ltt 7 0 %tLh-C* & c 4 

[18*12] «*n i «c*ji»t. issmmnt. ±B 

ttfiJ{C*0*. 3 Al :0. 0 2 0-0. 060 

%, N:0. 0 08 0-0. 0 2 00%*^WOri^ 20 

[ii*3i3] «*Jiix«2K*5^r, imuttrn 

«, ±MmmcM*., 3 6(C, Ti : 0. 2 0%&LT, 
Nb : 0. 2 0%«T, V:0. 3 0%tTF© ; 5^fr 

[if*J14] MUtKT. C : 0. 10-0. 3 0 
%, Si:0. 50-1. 5 0%, Mn : 0. 30- 

1. 0 0%, Cr : 0. 5 0-2. 0 0%, Mo : 0. 

5 0KttT££Wl/. fro, 30 
1. 5^3XS i (%) -Mn (%) +C r (%) /4 
+ Mo (%) 

L , gt§Rfr F e *$£ oq^flMWWftfr 6 ft Sffi 
BS©I««i*fflt>. laittM^tlJta^jUci^O. 
T. S^ffi^ToT, C&ggfrO. 6 5%tLhT, fr 
o, n&*-X7~*J hfi^2 5%^T©a^®*^)tt 

fts»Ks«JB*«iSL. ssum«»©«*as 

3(J5-4 0/imit^i*K, lgS*g£3{igfr6Sl 
r©BrBS«:teW S JJBaKS*)i©(5©61i8ltt 7 40 

o «fiLh t r s c 4 z®wl 1 1 m e > ^ttcc@*i 

fflJSfcKfln*.. 3 6K. Al : 0. 0 2 0-0. 0 60 
%. N:0. 0 08 0-0. 0 2 0 0%^^WUrt^ 

mams] »*Ji4x«5Kte^-c. ±iam«^ 

«. ilBifflfiSttC JJOX. $ *E> OC . Ti :0. 2 0%UTF, N 
b : 0. 2 0 HOT. V:0. 3 0%OT©5*>fr6>, 50 
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[0 0 0 1 ] 

[««»WJ gift*. WWm*i*vmm 

[0002] 

^^©KCffl*#ii*6ti'ci>5. c©/c©, gftm 
[0003] «£*©«*». cn^s-rs*j»fflaii 

U"C, tum-Chhl lS-SCr 420i, 

it, ^UAf)^^>mV$>6J\S-SCM4Z0m 

&£©m*y>*ffli>ri,>fc. *ot. cn6©ii&$i£ 
**jgttccjie^i/fca. • mxti ■ mmt cot. 

[0 0 04] 

[fi?&0J:5<!:f6t$gI] 0frL,ftfr6, _hfEfi£*©* 
mKfcUT«, &©raH#*a 0 BP 1 ?, ifi¥. gttrn-^ 
3S#?f • fflH*8*K!80c3ftTt>*$&©e»fc*:t 

>y>©*ffi*fi*3&*2St*»<ft-»Ti»s. -e©/c©, 

^ii*Se*©«lra^5ttS U fc/c w©s^»m-c 
». cn6©S**«fcTC 4^r*ftl>ttt»«:ft »j o 

[0 0 0 5] CftttftU 3SfiE%l^±3#A:ifKli*ffl 
*(COl»-C». ^©ffi!6frft$n-C*$»3, *fc. 
h t-->y^ft£«Ji^KH-r«lljRfe^ft 

[0 0 06 ] bftb, ffi7C^e©fSl±tC*tLT, 

fi©fa±tt*n«4*:*s<&t\ c©fcfe, *m©5sa 

F Si, ttju^fr ?»*ffig»-rftfc^ f » f- > 

*©awcc*rt6i/#n-r. »t??>^t 

[0 0 0 7] C©£ Vj#fc"^>^FJEK:*tLT 

«. i/fco, aa7cjR*jssfli-rsc4 

[0 0 08 ] 4$PS^F1 - 5 2 4 6 m&W<C 
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ftUMMttO?* b£±tf£C<!:tc&r>, =ixh<g$£ 
[0 00 9] Sfc, #^¥2-8 5 3 43#<£|g(CH, 

s i i^»£«r s t i tct o «^nmii©f&£*fl) 

wens. *p§i6^e»^tfo/cifM^HS 
n/c W f ? ^ > 6 n a i > 0 j6» . ©sm 

[ooio] frfrzmtommicm&xftz 

txtci><DV, 1&3ZY*c9i3kirZCtifi'V*. fro, M 
t»^> yttK«hfcfl«Rtf *©*ji#i£*jl8 L «fc 

5£-fSk©-C£>£ 0 
[0011] 

mam®, mimmoxwhtizmmicte^T, ±sa 20 

M&MU. satbicr, C:0. 10-0. 30%, s 
i : 0. 5 0-1. 5 0%, Mn : 0. 3 0-1. 00 
%, Cr : 0. 50-2. 00%, Mo : 0. 5 OXfil 
T*£WU fro, 

1. 5S3XS i (%) -Mn (%) +C r (%) /4 
+ Mo (%) 

fro, £&&&&©&*». am&o. 

6 5%J^±-C, fro, g®*-*?-^ h*#2 5%W 

^^Anffl^iO^sti^sii^Wb-cfef). fr 

fro, M®AM${4g*^^ffiS-c©»fffi(c*jws±fa 
?l^S^B© c &*Sffi«« 7 0 %fej±r* 6 c £ 

[0012] JfrlBPJKJB^TaB-r^SC itt. ±821$ 

£o«jAojDUMi«ffli». fro, mmocmmm 
&gfirH©**£3 Ro'-e©ifc 4BSffi»s±iB«F)i©tt 

[0013] ±mmm^mtit, ±fB©tr£ < t-%± 

A«*B. &3u a D ©»Tffi£giffi{±±tfUd&, 

©»»*gStc«g?TSCi^ii&-c*S. *fc. C© 
S&gSJltt. &©«fc 5 so 
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[0014] bp%, Wittf^i5K«yi©JS^. 

$©Stffi*» 6 it Af 6 £ , ISAtiffi£«»© jRMKC^S *i 
•C^i (HiSUri»5) Si, C r, Mn, N i , Mo 
ft <b'© 5 % , S i fc J: tfC r , M n tt, £gttf?£!£ft 

BWfc«j^0«S3nfcffja-ctt«Atitt*HST-rs. -en 

tt. *IAttl$K:v;t,^>iM bifi&J&Ztit, Yfr-x 

imxmiitWKh*. 

[0015] z<Dwmnm\mm>mmmvht\ 

Sfr, Z<D&XM2\t±3Z(DZt< 5-4 0 urn tb, 
S^ltmif©£s£>SffifI («T. iS*il8WS4(r»9) # 

7 0%tt±ttz>. cm&MHsmt. miicmrct 

[0016] ±E8«£S«Ji©**»S#5 Mm*$S© 
W^fctt. «Sfi-TS»J«lttD*tt©«ift^+^K:|B»3 

[0017] *fc, ' ±fa©gAmsfig*^affi*-c© 
iBK-*»w*»Ka«»©tSa)*ffifli*7 o %mm<om£ 
tcii, aiKssjB©ai3©«6o*3&j^K:^*<ac 

fe. »W©^^AniS^S^)i^ffifc<3^{c 

§H»«??r4ciiJQr4. *n*. cntiaai-r** 

[0018]-*, jS^SH©±IB^Wffia^©±l® 
IX. IBEWKtXl 0 0%r*SC£rt»#*U\, IP%. 

±iBS^MS@tt. -e©£Wffia^iio^ntfifLH5i" 

?8KSSJB©*KaWctei,>rtt. tt^MCCiSBesoiS 
^B^BtHU, *©a©Wtr9?>^tt4i^±3-tt*c 

[0019] ^K, ±IB?S^^B©TlliCfi[gTS?S 
£B». ±fB©CTi<, C (R*)«a»S0. 6 5%JW 

±r, rngx-ZT-i-j bmi2 5%&LT±-r 
So c?sjg*so. 6 5 %*ii©i§£K:w, a»nsc 

&6tt<f»&i»9Mtta**a. tctcb, am<D±mz, 

ttifiTS-SSte-t-n^Sfc*. 1. 2%iT-5Ci 



5 

2 5 %£&*£»£«:«:, 8US»©«K*+#JCi* 

[0020] vuc, xmo&momt jlb 

4&©*l^&ttSllURM*fIk>S. feme, &{fc£fiR 

a«ii©iRiai**t!Mi3'r*. 

[0 02 1 ] C : 0. 1 0-0. 30%, 

rta«^Hv2 0 0~5 0 0*»*fctf>K:tt. 0. 10 
K«±©C*£WT t/*»U 0. 3 0% 10 

3#£fc©, ±R£0. 3 0%iUc„ 
[0 02 2 ] S i : 0. 50-1. 50%, 

mmmmm, mm<os i «. aw3sw»*©n*£J5 
i6bTiMb»*j&iS-r*. c©fc©MMJi D D D©itJitt;£ 

fcfefc. S i tt. ^££JI©^JdKc££&fg*£;&t2 

in14>&ia»es?>S/iidt)(C, Si£0. 5 0K*fi*.TSW3 
■ttSsfiM?*!**. L*»U 1. 5 0K*jffl*.T£*3-li 

j&tt, ttiltt. WttfcffiTS-eSfcfc. ±R*1. 5 0 
%tLfc„ 

[0 02 3] Mn : 0. 30-1. 0 0%, 

**ort»*'psas%«iff'r*ofc ! £«ttKS (Hv2 

0 0-50 0) ZUM.? & tc&lZ », 0 . 30 %J£Lh© 30 

ssfc&tcw:. i. oo%£fi*.-ai&6ftt,\, 

[0 024] Cr : 0. 5 0-2. 0 0%, 

ft. JbE©rta«s*»«&fc«>«:tto. 3 0%&±&m 

£2. 0 0%tbtc Q 40 
[0 02 5] Mo : 0. 5 0%JiTF. 
Moll, «SAtt*$J:^W14%i^±Se*iifeK:. »ft 

ji^jb* mm? k> , s i aqrr -sa^^a 

SUfStt JgKtt, *^|gl^-ttSJtt*Sfbi*-& 
S„ ZVtcib, 0. 5 0%*±KRil/fc. fcfc. ±IB$) 
mtZmZitZtcito, TRttttO. 10%£T£C£# 50 
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[0 0 2 6] Jjyc, JJEIUKM(c4Wr»Tf t9^««M 

*aW-rSRI«S. 3 x S i (%) -Mn (%) +Cr 
(%) /4+Mo (%) «, v;l/7->^>f h©g|glLfi 
tatt*&*ffS^y-*"Ca.&. HPS. t&$©«ffi 
», ^g(c«fc^^|ftKJ:0 2 0 0-5 0 0 , C©^«:3 

aii*»«R3ns. *©»*. *ffi©ns©ffi 

it, V??>!fW&<D9?Bt1ZZ. 
[0 0 2 7] ±ffiH«SMCfclr>"C. *©fl# 1 . 5«± 
©W^Ktt. v;Ur>lM h©^MbtS5ttt^±L, 

T*HvioottTK»A&c4#T*. mwm&om 
±iaw^^©fa©±iisffitt, ^tti!3©±#iCcfc-2.j]nx 

tt (ttBIItt) ©ffifb*£&73R©««K:«fc&:ax hljf 

[0 02 8] jfctc. *»»«:*»» *ffifflKo*|fti|r«- 
a. *»w©**tt. ±te©cri<, #^©c?^ksj>* 

h£W^£Ss*)f©?Hl(c, 3 6ic± 
ia$SES©»K£SJB£RW-c**. ^©fc©. $#£BJ§ 
©•*«. ^ffl©a«fc:bl>Tfthfcl0W&C#tt* 

[00 2 9] bps, ttttNMUc*i>?tt. SKfeBftcc 
£**fTb&t>*B£tt. WBaJBttPft &fig©m 
**E»CittiBW6tiftl>. Sfc, ffl*© 

twas^ , i -z>(Dmm<D<p-zi>Mmic%w 

*©**©*>*^b-e'IBfti^(c*j(,4T*B«:iC Sfk^c 

©s*fcE*tts«K:wt>tti & o , nmmmo^mtc 

iifc*i^©C£, «F{CBBE©iB«*«3aBW&Sffl'r* 

[0 0 3 0] c©*K*ji»-r, *^Bj©ffim«, JJBW 
iB«©«*«©n)iCC±jea«ft»««*±IB«5©»*A: 

yfuti^. -e©fc©, #ffi(c^ft-r-s^©suw 

it. SjB(ctt*ii*tifc**©C:D*iIiKtc«fc«). Ate 
Sl»««*Jto. C©ttS*5, *m©fij«tti;*tt%^ 

[ o o 3 1 ] **w{c*j»4awta«jB©jp* 

«5~4 0(imfifeS, *©fc«>. C©»KS«Ji»± 
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wmffiitmtHbtctfmtftz. commit, ±ta©c: 

[0032] ?<Dtctb, WMftCfrfttjiZtitcmMlcto 

una, -e©ffiffi«, $-fc«»tfai#W6ft*?Btt 
i, ^-»jaas«i%#rs*>©4ft-5. #is 

[0 03 3 ] ftfflitiOWMRK: «fc 020 10 

0~5 0 0*C©WKK«3n-C«RStl4. C©iIL 

^■oxmmomm, m®3km<Dmm&i&Tbtc®& 

[ o o 3 4 ] *fc. *»wtc*jw*±iaiii«awtt. ft* 
«>fi£*£H8iT5c ^nfe, *»wk*j 

[ 0 0 3 5 ] uis, wKxnm&m*. mz.it j 1 s - 

SCr420i, SCM4 2 03S&i'©ft*©ttmffl§fl 

it. T^£m\h&m±v)i7->yj bimoym&rz 30 

[0 03 6] -g-nft, «6*iH*fflt^**tt:*J^Ttt. 

fct AiSKaKJiiaaiwfci or t. jaw ftSMBfr c# 
tt»*t»6ti«n»tf *»»)*>. sis ifc^^iiAnffia 

|5jg@©v;l^>iM hiH®tt$Wb&Si14&ck£S 0 
[0 03 7 ]*K, f!t#JS2©^©J: 5 (c, ±ffiH£ 
*«. ifESURKJll*., 36K..A1 : 0. 0 2 0- 
0. 060%, N:0. 0080-0. 0 2 00%%$ 
fLU^CiWJlK CttiCj;*?, *m©3&K£ 40 

[0 03 8] A 1 : 0. 0 20-0. 06 0%. 
Altt, SW>©Ni<b£U A 1 NiOrg^glAfi© 
m&m'MitL, Mtt*I^LhS*&«l»*WT*. C 
©^ftm^ff S/ci?)«:«, 0.0 2 0%W±©A 1 
Sii L,*»U 0. 0 6 0%£j&>LT^i 

StfSi, «t>tCfc^-C«S©A 1 , 0 3 &£j&Ztl, 
9SK*HSTTSfc». ±KB£0. 0 6 0%iUc o 

[0 03 9] N : 0. 00 80-0. 0 2 0 0%, 
N«±a?©ii0, A 1 tit&b. A 1 NtL-Cfegm* 50 
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SfcMbSttS. c©J:5fc^*»*fc«>«:tt, 0. 0 
0 8 0%tLh©N*##T£i&5#(*&. — *. 0. 0 

it fete. wwsKNawafbu mom&zmmict 

Z>?&tltf$>Z>tctt>, ±H%0. 0 200%iUc„ 
[0040]$fc, H3}e«3©&BJ3©J:5JC, ±IBJPl« 
89tt. ±SB»SK:ilI*., 3 Ti : 0. 2 0%Jii 
T, N b : 0 . 2 0 %JWT, V : 0 , 3 0 %«T©5 % 

(,>, CtUtcfcO, **©aiiffi*3 6Ki««£>*Ci^T* 
5. 

[ 0 0 4 1 ] T i : 0 . 2 0%J«T, V : 0 . 3 0%& 
T. Nb : 0. 2 0%WT, 

Cft6©7«£tt, »^»©tSfttt%i««ftTS&^. 15 

tt^faist^ii^t. gs&stateioLts-es. t,* 

0, ^MtcSBttll/rt. Cti6©a»3Mft«TS«Wr 

±R*. TittO. 2 0%, VttO. 3 0%:Nbtt 
0. 2 0%iL,fc. fcfe. ±IB»**+a«:|6»3lt.5 
fctf), TEBtt, TittO. 0 1%. VttO. 0 3%, N 
bttO. 0 l%iTSCirt^£U>„ 

[0042] wc, m>m 4 omn® £5tc, msitK 

r. C:0. 10-0. 30%, Si :0. 50-1. 
50%, Mn:0. 30-1. 00%, Cr.O. 50 
-2. 0 0%, Mo : 0. 5 OHUTF&SWU 

1. 5^3XS i (%) -Mn (%) + Cr (%) / 
4 + Mo (%) IffllfiF eto&WmiBffi* 

iamb, ^v, mmzmzfii-c, cwmno. 6 

5%W±-C. h«^2 5%^T 

mxtimtMftzmmimz&f&b. ^o, i&i^ 

aflTJi©«^EStt5~4 0<xmiT*iftK:. ISftA 

if s fig** t? ©KiBKfcw sjjaawgafirji© 

AJ?)Sffi»tt7 05<W±iT4Ci*««iTSWt7 

^tt(c«ns**©iijt^rjs*j* s. 

[0 04 3] ±IBa^^att, Ss£ • «£An • ^ML* 

#t?-a©^ffl?:}iT 0 ttc. mmt. u&tmmom 

*©«Hl*ffi*fflt»*Ci36l'r*i. -euT, mtt^ 

#7->is+)i, urn, w&mmmzmmmicwm'?z>c 

tic£<0, ®%lcmmMOCWf£.*m&?Z>Zbifi-C* 

So 

[0044] ttc, man^-ccmsL^tmbfe^K. 
a. -e©it»xtt»ai»K:«An*tf 5. &Att«, - 

W&mxti&r^x ttc, ±.nm%t-?.7-i- 

4 vm.(Dm&<Dtd&, mxftmcy^vuymz'iisz 
ifer*€»„ ttc, mxh'mmmbit, iimtfbns 

£5lc, mi 3 0- 1 8 OVlCte^Xii'?. 
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[ o o 4 5 ] c © «fc 5 tn-mommm*, mmmc 
tut j; <o , ±iz&m(Dimm t ±imm.o\mm^m t 

[0046] 5 <D5iW<D J: 5 CC , ±IBm«S 

$itt, ifBHfiRfdll*.. ZhlC, Al :0. 020- 
0. 06 0%, N:0. 0 08 0-0. 0 2 00%^ 

<fc$(t, ±ta»l«ypi«, ±IMK))DA$f)tC, Ti : 
0.20 %&T, N b : 0 . 20 %&,T, V : 0 , 30 
%«T©5*>*>6, l«*fctt2«BLk*£#LTl>* 

[0 04 7] 

msemm 1 

s„ $M©t$ ib, m2icm-rct<, -milium 
m<dmv&z>. tt*s. tW"c*or. ttTtf® 

[0 04 8] AM«. m2lCm?Ct<, C, S i, M 

n, cr, Mo<Dt;mm**mmmwtmmz>t?i 

KAlfcO. 0 3 0%. N£0. 0 1 20%m/dB-C 
*9. fro, l. 5^3xS i (%) -Mn (%) +C 

r (%) /4+Mo (%) «r»a-r*«rc**. 

[0 04 9] -tOT. A*&Jl(,>Ttt*l 

[0 05 0] BP^, $-r*-7H*>^7->^ + ^ (C. 

p>*o. 8~i. 2%ititm?ztmcum9 5o°c 

CC* - rr L/c**X#Hmt»iC*s^T 7 5 $Mffl«R 3 ittc 
'ik, l5]D<fig9 5 0-Ct?^FC. P4Ttffci/^fl 
»*Kfcl>TK***rtKjB»[i*-tf6. X\,*"C, C. P 
l/fc**jafl[%8 5 0-C(CTift3 0£IBI$ffilfti 

a*L)fca. i3o-c©WAnfc. *©&, aei 

6 o -c, i mm<mm Lmmzn -> tc. 

[0051] uis, c ©©■&#«, mmmic£->-cm 

HT 5 C t frT * S . CT^. B»lO©»g^emft©fiS 
£9 3 0-9 8 0'C, B$Pb1£0. 5-5t$BI, *3$t©S 
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